chromosomal sequences upstream and downstream of the Tn916 insertion in the Cap -mutant were obtained from plasmid pJS1934 (17) . This plasmid contains a 3.8-kb HaeIII chromosomal fragment from the Cap -mutant ligated into pUC19. This HaeIII fragment contains the entire 3.4-kb trun-cated Tn916 insertion (there are no HaeIII restriction sites within Tn916) plus meningococcal chromosomal sequences adjacent to the transposon. pJS1934 was sequenced with the Sequenase ds-DNA sequencing kit (United States Biochemical, Cleveland, Ohio). The junctions between the ends of the truncated transposon and the flanking meningococcal chromosomal sequence were then identified by comparison with known Tn916 sequences (19) .
Oligonucleotide primers annealing to meningococcal DNA adjacent to the Tn916 insertion were designed and used in single specific primer PCR (15) . This technique was used to chromosome walk in both the 5' and 3' directions from the identified insertion site in the NMB parental strain (Fig. 1) . Specifically, parental strain genomic DNA was digested with AluI and then ligated into the SmaI cloning site of M13mp8. The ligation was then used as the template in a standard PCR (19) , with a specific primer derived from meningococcal chromosomal sequence identified as adjacent to the transposon and either the forward or reverse M13 universal primers. PCR products amplified in this manner were then sequenced, either directly or after being cloned into the PCR product cloning vector pCR1000 (Invitrogen, San Diego, Calif. 
T F I aat caa atc caa ggt gaa cca atg ggt gcc gtt tta ggc aat acc att acg ttt atĉ 260^280^300
gca cta gca ggc gca gct gta ggt gca tta agc agc cgt tta gtt tgc cat atĉ 360^380
'
gaa ggt ggt gaa cta tct ggt aca gta gat gac tcc att cgt cat tct att agt aaa '
ctt tct cat atc cac ttg gta gca aat gaa caa gct gtc act cgc cta gtg caa atg '480
A gga gaa aaa aga aag cat att cac atc atc ggc tcc ccc gat tta gat gtt atg gcĉ 540^560 '580
tcc acc ctc cca tcc tta gaa gaa gtc aaa gaa tat tac ggt tta cca tac gaâ 600
aat tat ggt att tct atg ttt cac ccc gtg act aca gaa gca cat tta atg cca caâ
tat gcg gcc caa tat ttc aaa gca tta gaa tta agt ggc caa aat atc att agc atĉ
tac cct aat aat gac act ggc act gaa agt att ctg caa gaa tta tta aaa tat caâ
tct gat aaa ttt att gca ttt cct tcc att cga ttt gaa tat ttt tta gtc tta ttĝ
tac ggt gtc cct tca att gat gtt ggt aca cgc caa agt aac cgc cat atg gga aaâ 940
tct att att cat aca gat tat gaa acg aaa aat atc ttt gat gcg att caa caa gcâ
tgc agt tta ggc aaa ttt gaa gca gat gat acc ttt aat ggc gga gat act cgc acĉ
agc aca gaa aga ttt gct gaa gta atc aac aat cct gaa acg tgg aat gtt tct gct 11100 '1120 ORF2-
caa aaa cgt ttt atc gat ttg aat ctt taaatt atg gaa aaa caa aat att gcg gtt ata
ctt gcg cgc caa aac tcc aaa gga ttg cca tta aaa aat ctc cgg aaa atg aat ggc
ata tca tta ctt ggt cat aca att aat gct gct ata tca tca aag tgt ttt gac cgĉ 1280 11300 '1320
ata att gtt tcg act gat ggc ggg tta att gca gaa gaa gct aaa aat ttc ggt gtc
gaa gtc gtc cta cgc cct gca gag ctg gcc tcc gat aca gcc agc tct att tca ggt
gta ata cat gct tta gaa aca att ggc agt aat tcc ggc aca gta acc cta tta caa '1460
cca acc agt cca tta cgc aca ggg gct cat att cgt gaa gct ttt tct cta ttt gat
gag aaa ata aaa gga tcc gtt gtc tct gca tgc cca atg gag cat cat cca cta aaa '1560 '1580 '1600
acc ctg ctt caa atc aat aat ggc gaa tat gcc ccc atg cgc cat cta agc gat ttg '1620 '1640
gag cag cct cgc caa caa tta cct cag gca ttt agg cct aat ggt gca att tac att '1680 '1700^1720 (26) .
The predicted amino acid sequence of the ORFi product (377 aa) shows significant homology with the E. coli neuC gene (391 aa) of the Kl kps complex (25) (Fig. 2) . In E. coli, neuC is located downstream of neuA and the two genes overlap by a single base pair. neuC has been proposed to encode an NANA synthetase, an enzyme which combines N-acetyl-D-mannosamine and phosphoenolpyruvate to form NANA. A Tn5 insertion mutation within neuC was shown to be complemented by the addition of exogenous NANA to the growth media (25) . The ORFi product and NeuC are 28.7% identical and 49.5% similar at the predicted amino acid level. In contrast to neuC, ORFi is situated upstream of the synB homolog ORF2, and the two genes do not overlap.
Nucleotide sequence accession number. The nucleotide sequence for ORFi and ORF2 has been assigned GenBank accession number U04328m.
Possible function of ORF1. To investigate the biosynthetic step(s) inactivated in the meningococcal M7 Cap -mutant, we tested the ability of the mutant to utilize exogenously added capsule biosynthetic intermediates. In N. meningitidis, Nacetyl-D-glucosamine is converted into N-acetyl-D-mannosamine, which is then combined with phosphoenolpyruvate to form NANA (1, 13). The M7 Cap-mutant was grown overnight on GC agar (18) The inability to complement the M7 mutation with exogenously added NANA was surprising, since the synthesis of NANA occurs after the production of N-acetyl-D-mannosamine. However, N. meningitidis does not produce a NANA-specific aldolase (12) . The Our data suggest that the capsule-defective phenotype of the M7 mutant is due to an inability to synthesize N-acetyl-Dmannosamine or one of its precursors. In bacteria, N-acetyl-D-mannosamine is produced by the conversion of N-acetyl-D-glucosamine to N-acetyl-D-glucosamine-6-phosphate by a specific kinase (23) . N-Acetyl-D-glucosamine-6-phosphate is then epimerized to N-acetyl-D-mannosamine-6-phosphate by an N-acetyl-D-glucosamine-6-phosphate 2-epimerase (10) . NAcetyl-D-mannosamine-6-phosphate must then be dephosphorylated prior to the activity of the NANA synthetase, which condenses N-acetyl-D-mannosamine and phosphoenolpyruvate to form NANA (1, 23, 24) . Our mutation is unlikely to affect the production of N-acetyl-D-glucosamine or N-acetyl-D-glucosamine-6-phosphate, because both sugars are important components of peptidoglycan synthesis and their absence would presumably be detrimental to the cell (9, 12) . The Tn916 insertion in ORF1, resulting in the Cap-phenotype, would thus be predicted to affect either the N-acetyl-D-glucosamine-6-phosphate 2-epimerase or the N-acetyl-D-mannosamine-6-phosphate phosphatase, resulting in premature termination of the biosynthetic pathway prior to the formation of N-acetyl-Dmannosamine.
The remaining steps in the synthesis of the serogroup B capsule, formation of NANA by the NANA synthetase and polymerization of polysialic acid, appear to be intact in the M7 mutant, since the strain can synthesize capsule when provided with N-acetyl-D-mannosamine. This is in contrast to mutations affecting the neuC gene of E. coli Ki, which are not complemented by the addition of exogenous N-acetyl-D-mannosamine (25) but are alleviated by the addition of NANA. On the basis of these complementation data, the NeuC gene product was proposed to be the NANA synthetase of E. coli Kl (25) . Thus, the ORFi product and NeuC, despite predicted amino acid homology, may represent enzymes with different functions.
However, another E. coli gene, neuB, has also been proposed to encode the NANA synthetase (21) . In E. coli, N-acetyl-Dmannosamine is presumed to be transported as the 6-phosphate derivative (20) . If neuC encoded the N-acetyl-D-mannosamine-6-phosphate phosphatase, a mutation in neuC would not be complemented by the addition of N-acetyl-D-mannosamine. Thus, the roles of ORF1 and neuC could still be homologous.
We have named the gene encoded by ORFi synX. Further studies will establish the precise enzymatic role of the ORF1 gene product in the early biosynthesis of the serogroup B meningococcal capsule and whether ORF1 is capable of transcomplementing mutations affecting neuC or neuB. This genetically defined meningococcal Cap-mutant can also be used to study the role of capsule in meningococcal pathogenesis (17) and may be useful in the development of new group B meningococcal vaccines.
